Journal of
CHRONIC DISEASES

—_—e e e
VOL. 2 DECEMBER, 1955 NO. 6

Original Communications

HERITABLE DISORDERS OF CONNECTIVE TISSUE
III. The Marfan Syndrome

Vicror A. McKusick, M.D.
BALTIMORE, MD.

From the Department of Medicine, The Johns Hopkins University School of Mpdicine, and
The Johns Hapkins Hospital

(Received for publication July 10, 1955)

HISTORICAL SURVEY

N 1896' the gross skeletal manifestations of the syndrome which bears his

name were described by Marfan,* who called the condition doléchostenomelia
(long, thin extremities). The condition was renamed arachnodactyly by Achard
in 1902.2 Salle™ in 1912 reported necropsy observations in the gase of a 214-
month-old infant who died with cardiac symptoms and showed gegeralized dila-
tation of the heart and patent foramen ovale. Boerger* first glearly related
ectopia lentis to the other manifestations. As is usually the cage, vague refer-
ences to cases of what was certainly this syndrome can be foysd in medical
reports antedating the definitive descriptions. For instance, Williams,!® an
opthalmologist in Cincinnati, in 1876 described ectopia lentis in g brother and
sister who were exceptionally tall and had been loose-jointed frqm birth.

Based on work supported in part by a grant from the Daland Fund of the Amarjcan Philosophical
Society.

Reprints of this entire series of articles, appearing in successive issues of the JourwnaL, will be
available through the publiahers in book form following appearance of the last l,n.Mment.—Edltor.

*Antoine Bernard-Jean Marfan (1858-1942), Parisian professor of pediatrics, dig much to establish
pediatrics as a specialty in France and elsewhere. He was the author of several widely read textbooks
and monographs on pediatric topics and editor of Le Nourrison for & great many yages. In addition to
the syndrome under discussion here, his name is often attached to Marfan's law (that 1mmunity to
puilmonary phthisis is conferred by the healing of a local tuberculous lesion) and Mgrfan's subxiphoid
method for aspirating fluid from the pericardial sac. (For other biographic detafls, gge references 6, 7,
8, 74; for portrait, see reference 8.) 600 -
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Weve of Utrecht,!”” publishing in 1981, first clearly demonstrated the heri-
table nature of the syndrome and its transmission as a dominant trait. Further-
more he conceived of this syndrome as a disorder of mesenchymal tissues and
accordingly designated it dysirophia mesodermalis congenita, typus Marfanis.

The major cardiovascular complications, namely, aortic dilatation and dis-
secting aneurysm, were first clearly described in 1943 by Baer, Taussig, and
Oppenheimer! and by Etter and Glover,? respectively. Again, although earlier
reports of the aortic complications can be discovered (e.g., referepce 29), these
latter authors first drew attention to them and opened the way for clearer recog-
nition of the internal medical implications of this syndrome in aduyl¢s.

“Marfan’s syndrome,” or better, ““the Marfan syndrome,” is, ig my opinion,
the preferred designation until such time as the basic defect is kpown and an
accurate name based thereon can be devised. Arachnodactyly js, on the one
hand, not striking in some patients, and, on the other hand, occygys with other
developmental disorders, both acquired and genetic. “

Probably at least 350 cases of the Marfan syndrome have heep reported in
the literature. By intensive searches of multiple sources, I was ghle in the last
three years to collect 50 kinships in which at least one bona fide affected person
has occurred. Nineteen of these definitely affected families are gepresented in
the accompanying illustrative material and data from seven other definitely
affected families have been presented elsewhere.®? The total number of affected
persons in these pedigrees is in excess of 100. In this study, the Wilmer Oph-
thalmological Institute of The Johns Hopkins Hospital was the jargest single
source of propositi. However, other sources included pediatricians, ortho-
pedists, endocrinologists, and cardiologists. The Medical Examiner's Office
was another fruitful source; tracing the relatives of young individuals dving of
dissecting aneurysm of the aorta revealed several affected kinships,

CLINICAL MANIFESTATIONS

Elsewhere® is presented a ‘‘pedigree of causes” in which the geveral mani-
festations of the Marfan syndrome are related to the hypothesized, but, as yet,
undefined fundamental defect of connective tissue.

The Skeletal Aspects (see Fig. 1 for the various body types encountered).—
Dolichomorphism characterizes the skeletal abnormality of the sypdrome. The
victim often suggests the subject of an El Greco painting.* The gxtremities are
long, and characteristically the lower segment (pubis- to-sole) measurement is
in excess of the upper segment (pubis-to-vertex) measurement and the arm span
in excess of the height. In general, the more distal bones of the extremities
tend to demonstrate this excess length most strikingly. Arachngdactyly-is the
result (Fig. 3). At times the great toes are elongated out of proportion to the
others (Fig. 3,B).4-1%® The ribs participate in the excessive longitydinal growth
with formation of pectus excavatum (Fig. 1,C), “pigeon breast"” (Fig. 1,B) or
less symmetrical varieties (Fig. 4,4) of thoracic cage deformity, The bonks of
the skull and face are likewise affected with resulting dolichocephaly, highly- arched

*Astigmatism is thought to have been the basis for El Greco's distorted repmonutionx as in ‘St.
Martin and the Beggar’ (National Gallery, Washington, D. C.)
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palate, long, narrow face, and prognathism. There may he *'spurring” of
the heels as a result of excessive length of the os calcis.

Skeletal proportions are more important than actual height, [t is true that
these patients are often very tall. One patient was 6 feet tall a¢ the age of 12
years.®® Another patient!® was 7 feet tall. The tallest patiept encountered
in our investigations was 6 feet 7 inches tall. '

Redundancy and ‘‘weakness” of joint capsules, ligaments, tendons, and
fascia is responsible for a large group of manifestations which include pes planus,
genu recurvatum, hyperextensibility of joints, habitual dislocagjon of hips,®
patella,’® clavicles, mandible, and other joints, ganglia,* herpias, synovial di-
verticula,* kyphoscolinsis. The “flat feet’’ are often so advanced that the in-
ternal malleolus literally rest on the floor (Fig. 3,D). Kyphoscalosis can be very
severe (Fig. 4,B). In rare instances, hemivertebra is responsibje in part for
spinal deformity.®® At times, the spinal deformity has been thoyght to be due
to Scheuermann’s epiphysitis.** Even femoral hernias occur sather commonly
in men with Marfan's syndrome, and diaphragmatic hernia has been present
in some of our patients. Hydrocele is occasionally present.

Muscular underdevelopment and hypotonia is a frequent##¢ but by no
means invariable feature. This feature has been so striking gs to suggest a
primary disorder of muscle in some instances. (The converse grror of diag-
nosis-—primary muscular dystrophy called Marfan's syndrome—has occurred
in isolated instances.) It is probable that the muscular maajfestations are
secondary to the abnormality of bones and joints and to abnormality of the
perimyal connective tissue and are not due to primary involvement of the muscle
cell itself. This view is supported by the finding of a normal creatinine co-
efficient, an index of total muscle mass.!%

Pronounced sparsity of subcutaneous fat is a striking feature of most cases
(Fig. 1,4 and B) and is not easily reconciled with a fundamentaj defect of-con-
nective tissue. In children, it may be that the rapid growth aceounts for the
failure to store fat. One patient, who was thin as a child, has hecome exceed-
ingly obese in recent years (she is now 25 years old), due in lasrge part to inac-
tivity associated with the blindness produced by bilateral retipng] detachment
(Fig. 6). As demonstrated in Fig. 1,G, etc., others of these patjgnts may have
abundant subcutaneous fat.

The Eye.—Ectopia lentis, almost always bilateral, is the halimark of ocular
involvement in this syndrome (Fig. 5). The suspensory ligaments, when visu-
alized with the slit lamp, are redundant, attenuated, and often proken. The
lower ligaments are more likely to be defective with displacement of the:lens
upward as the usual finding. The lens is often abnormally analle 87 88 and
spherical.

Myopia is usually present in rather high degree. The excessive length of
the eyeball, resulting in myopia, appears to indicate involvement of the sclera,
fundamentally a ligamentous structure, in the basic connective tissue defect.
The scleral defect is occasionally expressed in the cornea as ketatoconus or as
megalocornea.'®!

*[n one case,'* a peculiar pelvic cyst comamunicating with the lining of the gacral canal occasioned
difficulties in delivery.
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Fig. 1,A.—Brothers, one with Marfan's syndrome. The one on the lef¢ Is ww, aged 10 years.
M.D. (A 589489), on the right. is only 8 years old. He shows ectopia lentis. contraetiups of the fifth fingers
(see Fig. 8,C), heterochromia iridis (right irls, blue: left, light green), Horuner's uyn‘w on left, lack of
subcutaneous fat, high palate, scollosis and thoracic deformity, abnormal electrw!ulomm This
is probably a sporadic case (original mutation). Contracture of the fifth fingers (Msctyly or camp-
todactyly) occwrred in other patients of this series (e.g., J.A. M., A 05283).

Fig.1,B.—C.A. (B 9912; 692938) 7 years old. Pronounced pectus carinatum. MNormal mentality.
Nystagmus. Bilateral ectopia lentis. ‘‘Rocker-bottom’ feet. Sparce subcutanaous -

Fig. 1,6.—M. McG. (A 92075), aged 7 yoars. Bilateral ectopia lentis. Severs pgetus excavatum.
Highly intelligent. Frequent respiratory infections. Loud systolic murmur of W origin. The
mother has the full-blown syndrome and is sightless in one eye from spontanecys gtinal detachment.

Fig. 1,D.—D.W. (B 8430), 50 months old. Is thought to have minimal dlh.w of the ascending
aorta and mitral regurgitation. Also has kyphoscoliosis and ectopia lentis. Pam Qppear unaﬂected
but paternal great grandfather was 6 feet 7 inches tall.

Fig. 1,E.—M.P. (362804), 53 yoars old, the oldest patient with the Martun .yndpome 1 haye had
opportunity to examine. (One man with probable Marfan’s syndrome was Lkillad agcidentally -at the
age of 82 years. e was still well preserved at that time. e was 75 inches talj gpsd fathered at least
two full-blown cases of Marfan's syndrome [see Fig. 2 of reference 92 for the W of one} and four
probably affected individuals out of sibship numbering twelve in all.) Extensiv'g pdlm'ee of Mgrfan s
syndrome. Systolic crunch (extracardiac sound) present for many yeoars.
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Fig. 1,F.—D.L.F. (516670), aged 7 years. The ptosis was thought to be part ﬂm general muscu-
lar bypotonia which was so severe that amyotonia congenita was suspected when ﬂlQ patient was seen
at the age of 4 years. Umbilical and bilateral inguinal hernias have been rem purgically. The
feet are very long, flat, and narrow. Kyphoscoliosis is evident. No ectopia lenttqu War abnormality
other than ptosis demonstrated. Intelligent.

Fig. 1,G.—J. A L. (681848}, aged b years, 8 months. Ectopia lentis. Probwly ds nove mutation.
Shown very well is the eversion of the feet with low position of the internal ma.lleolm {""rocker bottoms'").
Child bright, but highly nervous.
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The sclera may be impressively blue in the Marfan syndrome.® Clouding
of the cornea occurs occasionally. How much of this is a primary element of
the connective tissue disease and how much a result of the secondary iritis and
glaucoma is difficult to state. J

Spontaneous retinal detachment occurs with what is probably an unusually
high incidence and is a frequent complication of lens extraction. Retinal
detachment is probably related to th:?:)ng myopic eyeball and therefore in-
directly to the connective tissue defect; that there is a more direet relationship
is strongly suspected’ because of the high incidence in Marfan's iyndrome even
without more than a moderate degree of myopia. The pupil 'isb[ten difficult
to dilate in Marfan's syndrome and the dilator muscle appears to be hypo-
plastic.1¥7 o

The ectopia lentis per se would probably represent relatively Jittle impair-
ment of vision. The severe myopia (20 diopters in Boerger’s? cage), the retinal

A. B. £,
Fig. 2.—Confusing and uncertain cases.

A,—L.M. (611512), 45-year-old Negro man, sustained an injury to his chest qpg year before this
photograph. Shortly after the accident he began to have paroxysmal nocturnal dym and was found
to have profound aortic regurgitation. The left ventricle and first portion of the wnding aorta are
enlarged. Spinal deformity has become progressively more impressive in this m. There is no
ectopia lentis. For geographic reasons, the family investigation is not entirely w»ctory. but no
suspiciona of the Marfan syndrome are present on this score either.

B, —W.F. (651498), 12 years old. Two years previously acute enceph&litxswd followed by
menial deterioration with positive neurologic signs. No ectopia lentis. The W, who is normal,
has the same skeletal proportions. G .

C.—R.G.W. (897871), only 13 years old. Myopic astigmatism but no ect% Jeptis. Loud pre-
cordial systolic murmur of unidentified cause. Cardiac catheterization unrevepling. The extreme
dolichostenomelia and the pelvic asymmetry make Marfan's disease very likely. m diagnosis cannot
be established in the absence of positive family history or ectopia lentis. :
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detachment, and the iritis and/or glaucoma which may result from the ectopia
lentis are often responsible for severe limitation of visual aculty pr even total
blindness. The lens may become secondarily cataractous.

I was previously suspicious that estimations that only 50 to 70 per cent of
cases of clean-cut Marfan's syndrome have ectopia lentis were igcorrectly low
as a result of inadequate examination of the eyes and that virtyaljy 100 per cent
of cases would display at least minor redundancy of the suspengory ligament
if subjected to maximal mydriasis and slit-lamp examination. {¢ may be true
that the first estimate above is too low. We have now observed patients with

A. B, .

Fig. 3.A and B.—H.W. (464314), 17 years old. A, Died suddenly at home eighgeen months after
this picture. Ectopia lentis. Referred because of spontaneous retinal detachmang, 8Striking arach-
nodactyly with partial contractures of fingers. Children delight in doing contorﬂm‘! ’;th their ﬂngors
but should not be permitted to do this since they probably do themselves harm y. B. Extra-
ordinary length of the great toes is well demonstrated. Even more pronounce‘ w of lensth of
great toe shown by case illustrated by Whitfleld, Arnott, and Stafford.}*®

C. 0.
Fig. 3,C.—Flexion deformity (clinodactyly) of fifth fingers, particularly on {gft. “Taken at age of
88 months in M.D. (A 59949), who is shown at a later age in Fig. 1,4. Ot;heu ’.unnu in this lerles
have shown this feature.
Fig. 3,D.—X-rays of feet In case with so-called ‘‘rocker bottoms™, i.e.; prongyaced fiat feet. . Pa-
tient J. M. (544088); see also Fig. 12.
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A B,

Fig. 4,A.—Asymmetrical pigeon-breast type of chest deformity in 14-year-old hoy (J.S., 543026)
will full Marfan's syndrome. This particular type of anterior chest deformity seangy 40 be of frequent
occurrence in Marfan's syndrome. At the age of 18 years, the patient was 73 ln“ 48ll. Inconmplete
right bundle branch block is present. The patient's father was 6 feet 7 inches M.“ at the age of 28
yeoars dled suddenly on a street bus. He had been observed for two years for &orﬁcmurglt.ation which
had been considered rheumatic in origin.

Fig. 4,B.—Marked spinal deformity in 14-year-old F.D., one of first cases of gomie aneurysm with

arachnodactyly reported by Baer ot al.!! (See reference 11 for photographs of tha aptornal appearance
of this patient.)

o

O

Fig. 5.—Dislocated lens in R.C. (2416786), then aged 6 years. Chronic “mtmon " bilateral
inguinal hernias, slow physical development, diastasis recti. At the age of 22 Tapp he was 73 inches
tall, weighted 150 pounds, and wore a size 12 AAA shoe. He was inducted intq * army and served
six months before his eye condition was ascertained. The slight divergent lt.mw {s evident. Also
one can make out the forward bulging of the nasal portion of the right iris with fagliye of more complete
dilatation of the pupil in that segment because of anterior synechiae.
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Fig. 6.—L.T. (221183), at the age of 8 years (A), at the age of 23 years (B), “ $§. the patient is
virtually the same helght as M.D. (in Fig. 1,4), also 8 years old. The patient mo almost com-
pletely blind from bilateral retinal detachments. With the inactivity associated tiwmsith, she became
very obese, as demonstrated in B. White atrophic striae appeared on the shouldges, er arms, hips,
and thighs, as has been described previously in obese patients with Marfan's ayndpom 73 The patient
probably had rheumatic fever with carditis as a child, but no residua are detectable, She has demon-
strated, in addition to ectopia lentis, accessory rudimentary sixth digit bilaterally, hw arched palate,
pupils which react poorly to0 mydriatrics. C. Prison photograph of the proposita; Y ] w (B.R.). The

character of the spectacles suggests hyperopia, an unusual although occasional 4n the Marfan
syndrome. He had several admissions to the Norfolk, Virginia, General Honpitq {4 $#772) for hernia
repair, for acute dissection of the aorta (age 38), for varicose veins, for pain in the h’ ppck The final
hospital admission was to the St. Luke's Hospital. Newburgh, New York, becausd of | aypre pain up and
down his back. Profound aortic regurgitation and a pulsating abdominal mass war dlseovered. Sero-
logic tests for syphilis were negative. The patient died suddenly (age 39). Autwgy revealed old dis-
section of the sorta with recent rupture into the pericardial cavity and tamponade.-
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advanced Marfan’s disease with characteristic habitus, invofvement of other
members of the family, and dissection of the aorta with autopsy demonstration
of pathognomonic changes in the media, who did not have oculas abnormality
on most careful examination. This part of the syndrome, it sgems, may be
suppressed in a given family. This is consonant with the frequent observation
that the pattern of expression of this syndrome seems to be suni!ar in affected
members of one kinship.

A, B.

Fig. 7—In A and B are shown a normal individual (III 12) and her five affected by the
Marfan syndrome (III 15, III 14, III 13, III 11, and III 8). Also shown in B h Q ,ea.r—old affected
member (IV 13) of the next generation, son of IIT 8. (The numbers refer to those‘n’ gree published
elsewhere.”) Individual II1 11 subsequently died of bacterial endocarditis engraftag gn a mitral valve
probably affected by connective tissue changes of the Marfan syndrome.® Thom s chromatropic
degeneration of the ascending asrta and pulmonary artery as well as advanced cW\ cystic disease
of the lungs. Individual III 14 is 78 inches tall. (History numbers: 176836, llom, 176838, 103632,
637693, 637694, 392843.) The father of the sibship shown in A and B (W.R., ;oms) died suddenly
at home at the age of 43, presumably of aortic rupture. He was well known as § g pf Marfan's syn-
drome and had been under treatment for a cardiac ailment with aortic regurgitatiog l« pbout two years.

The Cardiovascular System®**.-—Since most of the early aytgpsies in cases
of this syndrome were in infants and children, and since interatrig} septal.defect
was found (probably largely by coincidence) in several of the ggses, this mal-
formation and ‘‘congenital heart disease” in general came to he gonsidered the
usual form of cardiovascular involvement. As more adult caseg were recognized,
it became apparent (1) that an inborn weakness (with subseqweut degeneration)
of the media of the aorta and main pulmonary artery is of much gore statistical
importance and more functional importance in the individual patient, and
(2) that this abnormality is an abiotrophy, not a congenita} malformdtion.
The abnormality of the media may result in diffuse dilatation of the ascending
aorta or pulmonary artery, in dissecting aneurysm, or in a combination of dila-
tation and dissection. Striking involvement of the pulmmgry artery oc-
curs'’ 9% much less commonly than the corresponding inyolvement of, the
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aorta. However, a clinical picture like that of so-called”” ‘‘congepital idiopathic
dilatation of the pulmonary artery’”’ may occur, as well as dissecting aneurysm
of the pulmonary artery.5 18

In the aorta, dilatation usually begins in the aortic ring and um-apencardxal
portion of the ascending aorta as suspected clinically and as demonstrated in
cases dying before further progression of their disease.”>'™ This, together
with stretching of the aortic cusps, may produce profound aortie regurgitation
before clear roentgenologic signs of aortic dilatation are presept (Figs. 8,D,
12,C, and 13). If syphilis, rheumatism, and bacterial endocarditis can be ex-
cluded, traumatic rupture of an aortic cusp is often suspected.!*.#

Furthermore, a deceptive prominence of the pulmonary copus and main
pulmonary artery may be produced by the dilated aortic base apd com;ibund
the confusion.!':®1? [In a recent case (J. M., J. H. H. 544088) the aneufysm
at the base of the aorta apparently caused partial obstruction of gutflow from
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Fig. 8,A.—Pedigree of the F. kinship.
II. 1. Charles. Died of acute indigestion at age 47. 4. Grant. About & fost 4 inches tall,
died at age 35; two of his children died at 8 and 12 months, respectively. 8. Henry, Examined: un-
aTected.

III. 1. James Aloysius. Typical Marfan syndrome; 6 feet 4% inches tall, sigg 38 shoe; ect.opla
lentis with secondary cataract formation; complete loss of vision from bilateral dm;nent of retina;
early saortic diastolic murmur. 11. Josephine. Examined; unaflected. 12. ce (352938).
At age of 32 years found to bhave complete detachment of right retina; left lens disl and cataractous;
pariial detachment of left retina; dled at age of 34 years, 18 days after onset of congagtive heart Mnre
attributed to syphilitic heart disease because of finding of aortic regurgitation. 1§, Blanche. - Ex-
amined; unaffected. 15. Theodore (see Fig. 8,B). Typical Marfan syndrome m cardiovascular
death. 18. Leona (see Fig. 8,C, D, and E). Typical Marfan syndrome with My confirmation
of dissecting aneurysm of the aorta. 17. James Leon (424834). Ectopia lentls witl gevere secondary
iridocyclitis and glaucoma; detachment of right retina; 75 inches tall, weight 172 po% kyphoscoliosis,
variococele; lax sternocleldomastoid joints, mobile patellae, flat feet, cardiomegaly with globular shape
by x-ray; no murmurs. This individual and Theodore and Claredce "‘always look.g just like twins.’’
Positive serologic test for syphilis.

IV. 9. Mary, b, 1039, probably normal. 10. Leroy, b. 1940, probably normsl. 11. Jame-.
b. 1944, peculiar shape of head. 12. Edward, b. 1945. Same peculiar shape of haad. 13. D. The-
odore. b. 1950. Defilnite Marfan syndrome: 38 inches at 30 months; long peclﬂiw'ghaped head
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Fig. 8,B.—Carnival snapshot of III 15 (T.F.). Arachnodactyly is evidens, [. his left hand he
holds his spectacles. He died suddenly at the age of 33 years, two weeks a.ttel‘ mng & physician
for exertional dyspnea. Aortic regurgitation had been discovered. An opto reports that he
had ‘“‘a decided miosis and the opthalmoscopy showed the media to be cloud,“ ﬂe was myobpic.
‘Worked as farm laborer until a few days before death.

Fig. 8,C.—L.F.Y. (680823), 33 years old. Patient died of effects of severy Soriie regurgitation.
Autopsy revealed characteristic changes in the media of the aorta and pulmo: petery with old dis-
secting aneurysm of the ascending aorta. (See Fig. 14B, in reference 96 for a dram of the aorta with
old dissecting aneurysm.) . R

Fig. 8,D and E.—Posteroanterior and lateral views of chest in L.F.Y. It iy ssmarkable that. en-
largement of the aorta ia not more evident. In lateral view there is opacification W the sternum.
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the right ventricle with the development of progressive right axjg deviation by
electrocardiogram. In these cases, the second heart sound in ghe pulmonary
area may be unusually loud due to close proximity of the pulmogary artery to
the anterior chest wall. “

Aortic dilatation is usually progressive. The patient may he free of symp-
toms for five or more years after the development of aortic regyrgitation, but
once angina pectoris or symptoms of left ventricular failure have developéd, he
seldom lives more than two years. On the whole, the prognosis jg quite similar
to that of syphilitic aortitis.'™ In fact, the similarities of the tweo diseases are
in many respects striking. It seems to matter little whether the defect of the
media, specifically the elastic lamellae, is produced by the spirochege from with-
out or the mutant gene from within. ’

The onset of aortic dilatation may be as early as the fifth yegy or as late as
the sixth decade. The oldest reported patient with aortic insuffigjency without

A. B.

Fig. 9.4 and B.—Fourteen-year-old 8.8. (366788), II 6 of the pedigree (C), apd her pormal 12 -year-
old brother, II 7. Note the kyphoscoliosis, genu recurvatum, exceesively long leg_(, y,.blsmua. Ecto-
pis lentis ig present. .

QRS het el

Fig. 9, C.—This pedigree illusirates how submerged the manifestations of Mu{u‘, syndrome can
be. Individual I 2 had had at least three aftected offspring by one husband ang m,ﬂect«ed qf_fspﬂng
by & second husband. Both husbands are unequivocally normal from the skeletsd, r. and vascular
points of view. The mother is 5 feet 8 inches tall, is moderately long of limb, is page ;’ muscled, and 1s
severely myopic (6 D.), but has no ectopia lentis by careful ophthalmoscopic ejy anination. {For the
l1ast I am indebted to Dr. J. E. Mishler of Atlantic City, N. J.). These manifepiations are consistent
with forme fruste of the Marfan syndrome but would not be recognizable as such wighout the knowledge
of this pedigree.
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evident aortic dilatation was 56 years of age.™ In one reported case,™ dila-
tation of the ascending aorta with aortic regurgitation and marked left ven-
tricular hypertrophy resulted in the death of a 10-month-old infagt; in another
case,"® death occurred at 55 years. '

The dilatation is almost always confined to the ascending aorta proxjmal
to the innominate artery. However, in Case 3 of Thomas and co- -workers,*?
the descending aorta was also involved. Furthermore, at least two instances
of fusiform aneurysm of the abdominal aorta have been descnbcd recently 82
Dissection exclusively in the aorta beyond a mild coarctation at the usual site
has been described.’®® Several cases (e.g., reference 106) have had cystic medial
necrosis, dissection, and internal tears in the abdominal as well as the ascénding
aorta.

Fig. 10. Fig. 11,

Fig. 10.—C.H. (687485), 28 years old. Ectopia lentis. Lenses correcting.for wxda. worn from
age of 5 years. Brother, father, two paternal aunts, and two cousins are living ang fave the Marfan
syndrome. Paternal grandmother and great grandmother likewise had it. Fathep mnd in both eyes
and aunt blind in one eye from secondary glaucoma. Patient in Army for 45 mopthg, Note deformity
of knees. This and many of the other members of this group of photographs m jt clear that on
superficial inspection the habitus may not seem impressively or abnormally douchgwmelic

Fig. 11.—Father, E.C., and two children, Anna (593933), aged 9 years, and w (441759), aged
7 years, all with ectopia lentis and skeletal proportions, albeit not striking, consm with the Marfan
syndrome. The father's brother had had a ‘“leaky heart’” for several years and digg suddenly at the
age of 35 years.

By examining a large number of patients with ectopia lentig and by studying
the relatives of established cases of Marfan’s syndrome, we havg now discovered
five patients who appear to be in the early stages of aortic dlla;utjon with aortic

regurgitation.”? In none is there yet evident dilatation of thq ascending aorta
(Fig. 13).
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Dissecting aneurysm may occur as the first aortic complicatjon or may be
superimposed on diffuse dilatation of the ascending aorta.®® Thaere is evidence
that dissection may occur in the first decade of life; the oldest reported case of
dissecting aneurysm in Marfan's syndrome was that of a 52-yeagspld woman.*8
The patient may survive for a number of years after first dissection of the aorta
and even after a “leak” into the pericardium. Because of the gartic regurgi-
tation which results either from the dissection itself*:*” or from ghe associated
dilatation of the aortic ring, confusion with rheumatic® or syphilitic®® heart
disease is frequent. In a recently autopsied case at this hogpitgl, leaking of
the original dissecting aneurysm into the pericardial sac led to the m15d1agnosm
of tuberculous pericarditis. The patient survived five years afteg ghe first.peri-
cardial episode. Dissection apparently occurs with increased frgwency during
pregnancy.!®” ML In chronic dissecting aneurysm of the aor¢gg, there may
be little enlargement of the aorta evident on x-ray (see Figs. 8 angd 12). In our
experience, when full family investigations are made, Marfan‘j syndrome is
found to be the leading ‘“‘cause” of dissecting aneurysm in persgns under the
age of 40 years. Gore® reported that 3 of 22 cases had arachnodgptyly ThlS
however, was not a detailed clinicogenetic study.

A, B.

Fig. 12,A and B.—Brothers with the Marfan syndrome without ocular magifestgions. A, J.M.
(544088) had genu valgus, severe pes planus, dolichostenomelia but no ectopia legtlg, Jn 1850 an epl-
sode of chest pain accompanied by pericardial friction rub was interpreted as pmu and treated
for presumed tuberculous etiology. Signs of aortic regurgitation developed therm In 1953, there
occurred at least one other episode of chest pain with pericardial friction rub. ~Phg gffects of aortic
regurgitation became progressively more severe and were the cause of death in M 4055, at the age
of 30 yvears. Autopey revealed superannuated dissecting aneurysm of the a sorta and dila-
tation of the aorta above the aortic ring. 'The aorta had apparently ‘“‘leaked’’ g pericardial sac
almost five years before death. (Known to us is a second case [S.T., 691351] in ywhieh the patient was
st living following leakage about 18 months before. The diagnosis of Erdhei", disesse was estab-
lished at operation for aneurysm of the ascending aorta.) B, W.M. (702409), 27 years, was dis-
covered to have sortic regurgitation when examined in connection with his bro ‘s {llness. He had
dolichoatenomelia and spinal curvature. Although the left ventricle is large, no Wﬂon of the aorta
is demonstrable. He is asymptomatic.
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¥ig. 12,C—E —Series of x-rays in J.M. C, Tak@n in 1950 about one month after (e initial episode
of leakage into the pericardial sac. D and E. The appearance in the last year of §ge, Enlargement
of the gorta is not impressive in D, but the main pulmonary artery is prominent. ["pe right ahtprior
obligue (E) the barfum-filled esophagus is displaced by a structure which necropsyy ‘*onstramd to be
an aneurysm of the sinus of Valseiva. In the left anterior ohlique (not shown M}’ again the.aorts
daes not appear particularly ditated. R .

Fig. 12,F.—Microscopic section (x4) of aortic valve area in J.M. (see A). TJ!Q old dissection, the
thinning of the sinus of Valsalva, and the minor fibrous thickening of the aortic valvp gre demonstrated.
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Involvement of the aortic cusps has already been described, The mitral
cusps and chordae tendineae may be redundant with resulting mitral regurgi-
tation. Subacute bacterial endocarditis may become engrafted on the valvular
abnormality.®:1%8.170  Murmurs of obscure origin are frequently encountered.
Some may be on the basis of redundant chordae tendineae with incompetence
of atrioventricular valves. Extracardiac clicks and other extpaneous sounds
are frequent because of the thoracic deformity.

Fig. 13—X-ray of chest in M.B. (697662), 46 years old. Ectopia lentis, modarpse dolichosteno-
melia, spinal curvature. Although the patient is asymptomatic and the cardlovmr gilhouette ia
normal, an aortic diastolic murmur is present.

Occasionally the pathophysiologic effects of interatrial septal defect domin-
ate the clinical picture. Notwithstanding careless statements of Prevxous re-
views, no autopsy-confirmed or even clinically convincing case of murventncular
septal defect has been reported. In Cockayne's case® the diagngsis was only
suspected clinically. There is a report® of possible tetralogy of Fallot with
Marfan’s syndrome. In two cases of tetralogy of Fallot which have come to
my attention,® there are stigmata suggestive of the Marfan syndgome, but the
absence of involvement of other members of the family and the fajlyre of ectopia
lentis to be found in the patients make the diagnosis of the Magfan syndiome
uncertain. I am inclined to think that these are not cases of the Marfan syn-
drome. In yet another case (Fig. 16), striking dolichostenomelia, congenital
clouding of the cornea and large interventricular septal defect gre associated.
Four siblings, two older and two younger, are unaffected as are :;M other members
of the family, in so far as can be determined. Furthermore, ng a,bnormahty of
the lens is detectable. This case seems most likely the resulg of infection or
other abnormality of the intrauterine environment.
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Much has been written about cardiac disability in pectus excavatur;l.“'“'
10457 Fyrthermore, since originally proposed by Flesch®® in {873, excessive
longitudinal growth of the ribs has been thought to be the mechagism in many
cases. As stated above, this appears to be the pathogenesis of the pectus exca-
vatum in the Marfan syndrome. The hereditary nature of pectys excavatum
has been appreciated.!4.18.47.18  Many times the patients with pectus exca-
vatum are described as being unusually tall and thin with spinal curvatures.
Despite all these considerations, it has not been properly apprecigted that the
pectus excavatum may be but one manifestation of a generalized disorder of
connective tissue in which direct involvement of the cardiovasculay system may
occur. Elsewhere,” we have presented the case of a 24-year-old man with severe
pectus excavatum, who died of rupture of the aorta shortly after gyrgical repair
of the chest deformity.” Autopsy revealed aortic changes typicaj of the Marfan
syndrome. An aortic diastolic murmur had been present befgre operation.

Fig. 14.—The patient, R.R. (704121), aged 30 years, has clouding of the cornea, mchoatenomelia.
and probable large interventricular defect. It is likely that this is due not to Marfan’s syndrome but
rather to intrauterine insult of unidentified variety. ’

In the surgical literature, there are two cases which may have heen instances
of the Marfan syndrome. One patient® was 6 years old and was described as
having ‘‘systolic and diastolic murmurs and cardiac incompetence.””” The
other,'® 23 years old and 74 inches tall, had congestive heart failyre and:atrial
fibrillation and was specifically described by his physician as thm, gangly, loose-
jointed, and round-shouldered. In another instance, a case reportad by Sweet,"
the patient has been discovered to have typical Marfan’s syndrpme.}”®

The cardiovascular aspects of this syndrome have been presented in greater
detail elsewhere.?
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A, B,

C. D.

Fig. 15.—4 and B, W.M., (Mary Imogene Bassett Hospital No. 54659) was thought to :have
Marfan's syndrome because of aortic regurgitation, severe spinal deformity, and arpehpgdactyly. Clini-
cal evidence for bacterial endocarditis was present. At autopsy the heart lesions apj gared to be rheu-
matic with superimposed valvular infection. (I am indebted to Dr. Jas. Bordlwy, ', for knowledge
of this patient and permission to include him here.) Numerous pigmented ne\! m present in this
patient. ¥ o
C and D, D.)M., brother of WM. The finding of muscular dystrophy in (hls pprother makes it
likely that W.M. (in .4 and B) likewise had muscular dystrophy. The disease m appears to be re-
cessive in this family. In D.M. note the wasting of the upper arms, especially th’hﬂ;, the asymmetry
of the face in whistling, the winging of the scapulae. There is no arachnodactyly, Spinal deformity
as severe as that in W.M. is sometimes seen with muscular dystrophy.’®® (The witer Is indebted to Dr.
Chas. Ellicott for studying this patient.) T
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B. C.

Fig. 16.—Experiments conducted by Dr. James R. Brayshaw,?® as student “‘ ‘gh’ Johns Hopkins
University School of Medicine.

A, Deformity and pathologic fracture of spine and other bones in rat fed se*‘ythurus odoratus.

B, Dissecting aneurysm of the aorta with rupture in rat fed seeds of Lathyryg gdoretus. Shown
is the dissection of the media and the large mediastinal hematoma. Elastic tia*“n The- d!utic
lamellae are black. (Xx10;: reduced 1/5.)

C, Same at higher magnification. On the left below, the wall of the aorta is My scarred through
almost its entire thickness. (x30: reduced 1/5.)
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Other Manifestations-—Special attention is directed to certain manifestations
which were indicated by dashed lines in the “‘pedigree of causes' presented else-
where®: e.g., in the cardiovascular system, coarctation of the aortg,*®:**'%® patent
ductus arteriosus,” and interatrial defect; in the skeletal system, spina bifida
occulta,* hemivertebra, cleft palate®; in the eye, microphakja, hypoplasia or
aplasia of the dilator-pupillae muscle, coloboma lentis. These age not among
the more common manifestations, yet they occur sufficiently often in the Marfan
syndrome to be considered more than coincidental associations, Their occur-
rence is difficult to reconcile with a unitary theory of a connectiyg tissue defect
unless one assumes that the presence of said defect during emhq{ggenesls pro-
vides an abnormal environment in which these anomalies, congenital malform-
ations in the usual sense, occur with increased incidence. In aggordance with
this last not improbable proposition, these particular manifeaggtions can be
considered secondary ones.

The coarctation has never, to my knowledge, been of functiongl mgmﬁcance
There is no reason, however, why it might not be in occasional ingtances. . Dis-
secting aneurysm occurs with increased frequency in coarctation$? gnd although
the hypertension is doubtlessly a contributing factor, the poss&hﬂity of a con-
nective tissue abnormality being responsible for both the coaretation and the
dissection must be considered. /

Whether deafness is a specific manifestation of the Marfgg's syndrome
and if so, what its mechanism is,?” cannot be stated at present. ¢ fg said to occur
in 6 per cent of cases.'®

Pulmonary malformations are described in autopsy reporgs and various
pulmonary complications in clinical reports.®.78.92.111.118,124,136 161 R@peated $pon-
taneous pneumothorax has been described.* 7578

Occasionally congenital cystic disease of the lung probably eccurs as an
integral part of the Marfan syndrome. In patient M. R. (J. H, H. 176836; see
Fig. 7) very extensive disease of this type was discovered at autopsy. The still-
born child of this patient showed abnormal lobation of the lungg byt no congenital
cystic disease. Without an exhaustive review of the literature, it was possible
to find three cases of cystic disease of the lung in which stigmatg suggestlve of
the Marfan syndrome were described:

1. A 26-year-old male medical student (Case 9 in reference 111) had had three attacks of
spontaneous pneumothorax. He died following an attack of severe chest pain. Dissecting
aneurysm of the aorta with rupture into the pericardium was discovered. lju@ologlcal]y there
was cystic medial necrosis. Both lungs showed diffuse cystic changes regu‘” as congenital.

2. A 26-year-old housewife (Case 13 in reference 111) with striking dnlmstenomgha had
had increasing dyspnea and, at the end of her second pregnancy, frank congestj;g failure. X-ray
showed dilatation of the outflow tract of the right ventricle; EKG showed ¢ axis deviation
and the so-called P-pulmonale. Post-mortem examination disclosed diffuse gystic changes in
both lungs and widely patent foramen ovale.

3. A 12-year-old child® was found at autopsy to have multiple simplg eysts throughout
both lungs, patent ductus arteriosus, aneurysm of the pulmonary artery, and -apogalous caronary
artery.

*Encephalocele in the forehead area occurred in one patient. Internal hydrogephalus is also re-
ported . }13:134 c
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Congenital cystic disease is probably a secondary companent of this syn-
drome; i.e., the presence of the connective tissue defect during embryogenesis
conditions its development but is not as directly responsible for it as for some of
the other manifestations. The Marfan syndrome can join xanghomatosisi4s 164
and tuberous sclerosis!®!? in the group of systemic abnormalities ggsociated with
a type of cystic disease of the lung.

There are other manifestations which occur less frequently, often in no
more than single reported cases, than those termed ‘‘secondary' above. In
the case of these, it is more likely that the anomaly occurs only gpincidentally
with the bona fide features of Marfan's syndrome. When the cgge in question
is a sporadic one, it may be valid to assume that the mutagenije factor might
have caused more than one mutation simultaneously. Furthermgre, in a given
family, if the anomaly in question occurs in only one of the persgns affected by
Marfan's syndrome, or, better yet, if the anomaly also occurs g one o¥more
members of the family unaffected by the Marfan syndrome, the mamfestatxon
in question should not be considered part of the Marfan syndrame,

Contrary to previous emphasis,’.87.113.140 mental retardatiog js not, in my
opinion, a component of this syndrome. Usually the patients are at least as
bright as their siblings. Sometimes their innate intelligence is not fully realized
because of the limitation of opportunities imposed by severe visyal impairment
and other physical handicaps. In severfsporadic cases in infantg and children,
there may be mental retardation but tIE has, in my opinion, a geparate basis,
possibly an independent mutation. Angther basis for confusion jg the fact that
a picture including arachnodactyly and Suggesting the Marfan syndrome occurs
with acquired developmental abnormalities such as rubella and gther maternal
illness, maternal exposure to x-ray, and rh incompatibility. These patients
are likely to show mental retardation.

INCIDENCE AND INHERITANCE

The sexes are equally affected.®*'® The aortic complications do seem to
occur more frequently in men.”? Manual labor may be respopgible for -this.
There is no racial or subracial concentration of cases. The syndgome has been
reported in Negroes,®®%2 Chinese,’ % Japanese,'® Hindu,? and jgws." It has,
furthermore, been reported in natives of virtually every Eurq;;gan country.
Its incidence in the American Negro is probably essentially the ume as in the
white population. It has occured in American Indians.’

It is an uncommon, but by no means rare, disorder. The ipgidence of the
Marfan syndrome is certainly far greater than the general comgeption of the
medical public. The connective tissue defect of the Marfan sypdrome is the
leading cause of dissecting aneurysm of the aorta in the younger deggdes. There
is reason to believe that there is an appreciable number of very mild cases (forme
fruste) in whom the connective tissue defect has little or no effeet on health or
longevity. '

Preposterously high estimates of the number of sporadic cases {those derived
presumably from de novo mutation), as opposed to inherited ¢ases, have been
made. My own experience would indicate that no more than {§ per cent of all
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cases are new ones. Higher estimates, up to 70 per cent by some writers, are
the result of incomplete family studies. How often this mutatign occurs in a
total population is at present impossible to determine.

The pattern of inheritance is that of a simple Mendelian aytasomal domi-
nant (Figs. 7, 8, 9, 11, 12). Parental consanguinity has not been an impressive
feature, but exceptions are described.*® In a few instances, a recegsive mode of
inheritance seemed to be indicated by the presence of multiple affected members
of one sibship with ostensibly normal parents. In only one of the pedigrees of
this type which have come to my attention has it been practicahle ¢g do thorough
investigations of parents and patients (Fig. 9). In the one kinshig jn which this
was possible, I was forced to conclude that the mother was prqbably affected
by a forme fruste. This woman had had at least three affected chjjdren by one
man and one affected child by a second. The occurrence in one magle and three
females excluded the possibility of a sex-linked recessive trait, There -was,
therefore, no question but that each of the victims inherited the disease rather
than getting it by de novo mutation and that the mother carries the gene. On
examination, she was found to be 5 feet 8 inches tall, to be moderately long of
limb without typical arachnodactyly, and to be myopic but free of ectopia lentis
on careful ocular examination. This pedigree demonstrates how jt is possible
for the student of the full clinical and genetic picture to recognige cases which
would be missed otherwise. ‘

To my knowledge there has never been an opportunity to ohserve the effect
of the gene in homozygous state; that is, the union of two affected persons has
not been described. Skipping of generations has never been opserved in any
thoroughly studied pedigree.s®

Partial submersion of the manifestations of this syndrome, depe'nding
apparently on the rest of the genetic milieu in which the mutant gene is operat-
ing, has been observed.®? For instance, when the mutation occugs in unusually
pyknic stock, the victim's habitus may be much less impressively ynusual. No
protection against ocular or aortic abnormality seems to be affogded thereby,
however. The fact that in some families pronounced aortic and skeletal ab-
normalities occur without demonstrable abnormality of the lens ggructure seems
to be further evidence of the operation of the genetic milieu op expression of
the syndrome. Differences in the severity of the several comgonents of the
syndrome, including absence of some cardinal ones, is not inconsistent with the
view that a single mutant gene is prirffarily responsible for the abnormality.

DIFFERENTIAE DIAGNOSIS

Given stigmata suggestive of the Marfan syndrome, one can jpg most confi-
dent of the diagnosis if ectopia lentis is present in the patient or if gther members
of the family are unequivocally affected (see Fig. 2). The posgibility of the
Marfan syndrome is encountered in many situations such as thag of aortic re-
gurgitation, otherwise unexplained, in an individual of asthenic and possibly
dolichostenomelic habitus. Measurements taken alone are indigative but not
completely conclusive. Measurements must be evaluated in thp !jght of a rjough
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evaluation of the average habitus of the family of which the pogsibly affected
individual is a member. In the first decade of life, comparison of upper and
lower segment measurements and of arm span with height is of greater sig-
nificance because of the relatively short extremities during this period ¢ (For
normal values for these measurements during this period see references 40. and
181.) The lack of complete specificity of such measurementsg jg indicated by
the occurrence of excessively long extremities on an anthropologic basis in the
Denker Negro'® and on a pathologic basis in the eunuch.® The yule of thamb
for identification of arachnodactyly—longest digit at least 50 pey cent longer
than the longest metacarpal—has proved to have both positive and negative
error. In the Negro in particular, the Marfan syndrome is ofteg suggested by
skeletal proportions. A famous contemporary Negro basketbaf] star is. said
to be 7514 inches tall, with an arm span of 84-86 inches. Sheldon'# refers to
this habitus as Nilotic dysplasia, since, according to him, inhabitants of the
upper Nile area and their descendants display it most often. The Watussi
tribe of Uganda is very tall.

A picture mimicking in some respects that of the Marfan syndrome can
result from rh incompatibility and from intrauterine rubella infectjon. Ectopia
lentis does not occur in these cases. However, deafness, oc,ulgf and cardiac
defects, hypotonia, and even arachnodatyly may occur. The pregence of some
manifestation, such as anophthalmos, which is never encountered jp the Marfan
syndrome, is a point in favor of one of these other possibilities, Cases simu-
lating Marfan's syndrome have occurred apparently as a result of the occurrence
during early pregnancy of febrile illness of unspecified type** and of x-ray
therapy.’® (See Fig. 14.)

Institutions for mental defectives often list an unbelievably high percentage
of patients with arachnodactyly. This should not be taken to indjecate Marfan's
syndrome in the majority of instances at any rate, since other evidence indicates
that mental retardation is not an integral component of this syndrome and, since
it is clear that arachnodactyly is a nonspecific manifestation with many possible
causes. The patient described by Benda,'” for example, does not appear to have
had a true Marfan syndrome.

Several of the individual components of the Marfan syndrome occur alone
or as part of other heritable syndromes and on a genetic basis digjnct from the
Marfan syndrome. Pectus excavatum,!135.47 gcoliosis,5 133 myppia,”"i " and
hernia* 17 are cases in point. Erdheim’s cystic medial necrosis js almost cer-
tainly not a homogenesis entity from the etiologic standpoint (see hejow). Mar-
fan's disease is but one cause, there being other genetic (e.g., Ehlers-Danlos
syndrome) and possible acquired causes.

Several genetic varieties of ectopia lentis have been described,® One varlety
of isolated ectopia lentis is inherited as a simple Mendelian recegsive.’' 17 |
have observed® eight children of a first cousin marriage, of wiom four-had
ectopia lentis and four had ateliotic dwarfism (a condition usyally inherited as
a recessive). Coincidence of the two anomalies occurred in tweg of the indi-
viduals. Another variety of ectopia lentis is inherited as a simple Mendelian
dominant as in the Marfan syndrome but as part of the Wenll.,Marchesam syn-
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drome.?190.1%  The habitus of the victim of the Weill-Marchesani syndrome is
diametrically opposite to that of the Marfan syndrome. The vietim is brachy-
morphic, short of stature, with round head, pug nose, depressed nasal bridge,
and short, pudgy hands and fingers.

In approximately 70 per cent of instances of congenital ectopia lentis, the
anomaly occurs as a component of the Marfan syndrome. The gkeletal mani-
festations of the Marfan syndrome may be so unconvincing in many cases that
the presence of ectopia lentis in a patient with cardiovascular i‘ns consistent
with the Marfan syndrome should lead one to suspect the diagnosig even though
the skeletal changes per se cannot be considered pathognomonic.

Muscular dystrophy was confused for Marfan’s syndrome ip the patient
shown in Fig. 15,4 and B. There were unusually pronounced spigal deformity
and long fingers. The patient presented with bacterial endocarditis and aortic
regurgitation—additional features suggesting the Marfan syndrome. Autopsy
revealed no histologic evidence for this diagnosis but did show changes consistent
with a rheumatic basis for the bacterial endocarditis. A brother, nubsequ;ently
studied (Fig. 15,C and D) shows unequivocal evidence of muscula.r dystrophy.
In children, the pronounced muscular hypotonia may result in g picture sug-
gesting Oppenheim’s amyotonia congenita or Werdmg-Hoﬂ‘mann s muscular
atrophy.

The relationship, if any, of the Marfan syndrome to ‘‘statys dysraphicus’”
is obscure.!'” The latter condition is too ill-defined to make gp analysis of
relationship possible. We (see Fig. 3,C) and others have obseryed bent. fifth
fingers, so-called camptodactyly or clinodactyly,” and heterochgomia iridis,
both manifestations which are said to be characteristic of statys dysraphicus.
Apparently identical clinodactyly is sometimes inherited as an isolated anomaly.”

PATHOLOGY

With the exception of the changes in the media of the great yessels and in
the heart valves, no specific histologic abnormalities have been detected in this
syndrome. In the media of the aorta, the most advanced changes are seen in
cases of diffuse dilatation of the ascending aorta in which the ppgeess has gone
on over several years' time and the patient succumbed to the effects of aortic
regurgitation. In such cases, there are frequently early change. in the pulmo-
nary artery. The early changes in the aorta are best demmmted in those
cases dying of dissecting aneurysm.

The advanced changes consist of fragmentation and sparsity of elastic fibers,
irregular whorls of seemingly hypertrophied and perhaps hype;-glastnc smooth
muscle, increase in collagenous tissue, pronounced increase in the vascularity
of the media with wide dilatation of the vasa vasorum in both q,.he adventitia
and the media, cystic spaces occupied by metachromatically stajping material.
The net result is an aorta which is thicker (but weaker) than norm@g :

The early changes are those described by Erdheim* as cystic medial ne-
crosis.’ There are mild to moderate degeneration of eIasuc fiber elements
and. more or less striking cystic areas filled with metachroma,ucally staining
material.



Yolume 2. HERITABLE DISORDERS OF CONNECTIVE TISSUE, JjI 635

The predominant involvement of the ascending aorta is not inconsistent with
a generalized defect of some element of connective tissue, since it js the ascend-
ing portion of the aorta which bears the main brunt of hemod pamic stress.
Reynolds'*? concluded that, with physiologic pulse pressures, it ig only the as-
cending aorta which shows dilatation (i.e., increase in diameter) with each:ven-
tricular ejection. Other observers, while disagreeing with Reyngjds’ claim that
virtually no expansile pulsation occurs beyond the arch, corroborate the finding
that much greater expansion occurs in the ascending aorta (15 g 20 per cent
increase over diastolic diameter in the ascending aorta, 5 per cepnt in the distal
aorta). Engineers, textile scientists, and others concerned wiﬂ; testing the
“strength of materials’” are familiar with the fact that cyclical apphcatxorr of a
stressing force results in structural disintegration much sooner than does steady
application of the same force.

Another factor in the predominant localization in the ascending aorta may be
implicit in Laplace’s law (wall-tension= pressure X radius). Since both pressure
and radius find their largest valves in the ascending aorta, the tensign on the wall
of that portion is greater than anywhere else in the vascular tree, In the case
of aneurysm there is, by the same token, a vicious cycle or sd(-perpetuéting
action—the greater the radius, the greater the wall-tension, the greaq;gr the radius,
and so on.

The predominant localization of the pathologic changes of Marfan’'s syn-
drome, of other varieties of Erdheim’s cystic medial necrosis (see §ater), and of
syphilis, in the ascending aorta, probably has its basis in the physical and hemo-
dynamic considerations outlined above.

Changes similar to the early ones in the aorta are not unegmmon in the
main pulmonary artery. Occasionally the changes there are ag advanced as
are ever seen in the aorta.i®

Minor changes in the heart valves in the form of marginal thickening or
fibromyxomatous excrescenses have been described grossly in ‘many of , the
autopsied cases,!36:146.162.1% inciuding Salle’s!®® case, the first aumpgied. Histo-
logically, one case'® was found to show ‘‘numerous lacunas in the collagenous
substance of the mitral valve that were filled with a homogms basophilic
material.”’ This lesion resembles closely that which occurs in ghe media of
the aorta. Fig. 12, F represents the changes in the aortic valve in gge of our cases.
The pronounced sacculation and stretching of the aortic cusps js probably per
se evidence of weakness of the connective tissue stroma of the yalve. In the
process of the stretching, breaks with fenestration of the cuysp may occur.'®

The pathologic studies of the eyes have not been very helpful from the funda-
mental standpoint. Hypoplasia of the dilator muscle of the irfs pmvndes expla-
nation for the miosis and poor response to mydriatics.??-%7

With the above exceptions (and, of course, the cystic diseage of the lling)
no histologic abnormalities have been detected. Specifically, permheral arteries,
joint capsules, ligaments, tendons, and periosteum have showr\ no abnormality,
but studies in these areas are distressingly few.
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THE BASIC DEFECT

In what element of connective tissue is the defect of the Marfan syndrome
located? The histologic appearances ig. the aorta suggest that the primary
defect may be in the elastic fiber. T§ pathogenic chain of ewents may be
this®®: The elastic fibers, constitutionally inadequate, undergg degeneration,
particularly at the site of maximum hemodynamic stress, the mnding aorta.
The smooth muscle elements, which normally have origin and igsertion on the
elastic lamellae, collapse together into disorganized whorls and ugdergo hyper-
plasia and hypertrophy. Reparative processes leave the media scarred. Second-
ary to the frantic hypertrophy of smooth muscle fibers and the scgpying process,
dilatation of the vasa vasorum occurs. (In 1933 Wolf's suggeatgd that Erd-
heim’'s cystic medial necrosis might be a generalized weakness of glastic fibers.
He demonstrated abnormalities in larger peripheral arteries and jn the main
pulmonary artery.) .

What the suspensory ligament of the lens has in common with the media
of the aorta is obscure. If known, the basic defect of this syndegme might be
understood. It is possible to reconcile with a generalized elaggic fiber defect
many of the other manifestations: the lax joint capsules, the wg@k ligaments,
especially those with large elastic fiber representation such as the ligamenta
flava of the spine, the malformed elastic cartilages of the pinnae, and the de-
formity of the foot where elastic fibers are abundant in the ligaments.'®® But
how is one to explain the most striking feature of this syndrome, dolichosteno-
melia, and the other dolichomorphic features? One gets the impression that
the factor that is missing during morphogenesis and growth of hone in victims
of this syndrome is a binding force which placed a rein on longitudinal gfowth
Whether it is elastic fiber as such or some element with the pmpertles of the
elastic fiber matters not at the moment. Is some such element missing from
the ground material of the cartilaginous precursors of bone? Or jg the location
of the defect in the periosteum? The periosteum, attached as it is to the epi-
physeal cartilage from which longitudinal growth occurs, may exercise control
over longitudinal growth. Experiments of Ollier in 1867!% and of gthers?®® since
him, although not without flaw, suggest such to be the case: [If g cuff of peri-
osteum is removed from the circumference of a growing long bone, that bone will
grow longer than its untampered counterpart. An inborn weakness of the peri-
osteum might have a similar effect. The bony abnormality daeg not appear
to be one of simple overgrowth since the excess is limited to longi¢udinal growth.
The bones are abnormally small in cross section. Osteogenesis gnay be: pro-
ceeding at a normal rate in the periosteum which slides along the diaphysis
adding bone to the circumference; the diaphysis may not attain gormal trans-
verse dimensions because the periosteal bone is spread over a greater total area.*

*Lacroix¥ writes (p. 59) as follows: ‘'‘A fibro-elastic membrane, the perlosieyms grows, ,whlle
yielding to a traction imposed upon it, by stretching over its entire extent. Wherg gnly one zone of
growth exists, a8 in {he case of the long bones of the hand and foot, the periosteal shapth is attracted in
only one direction; it is pulled in two opposite directions on the two sides of a ‘M' zone in bonee
with two zones of growth. Since the diaphysis elongates only al the level of the mh cartilage, the
perios(eum during development slides along the bone surface at a rate and in a dm‘qn specific to each
level.” Later (p. 67), he writes: ‘‘Since the periosteum slides along the diaphyglg which it encloses.
the youngest trabeculae, those in formation at the moment of examination are not deposited at exa.ctly
the same level as those which the same zone of periosteum elaborated in the wdlng days.” The
obliquity of the canals of the nutrient arteries haa its origin in this phenomenon.
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The precise element of connective tissue which is defectiye in Marfan's
syndrome awaits identification. Nonetheless, it is possible o describe the
behavior of the defect in considerable detail.

The production in rats of a somewhat analogous, but acguéred, syndrome
has been of great interest for obvious reasons. Kyphoscoliosis, hernia and
aneurysm of the aorta (dissecting, diffuse, or saccular) can be pggduced in rats
(Fig. 16) fed a toxic agent contained in the seed of Lathyrus ederatus.?®'201%
The toxic material has been crystallized®® and identified® as B (y, — glutamyl)

Q
aminopropionitrile (HOOC—-CH~CH;—CH; - C — NH- CH,~CH.— C=N).
) :
NH.

B —aminopropionitrile will also cause skeletal changes and dissecting aneuryém of
the aorta.!” Gelatin and casein appear to afford partial protection against the
effects of these toxins®* WV hether the primary difficulty is in the elastic fibers
or in the intermediate material is not clear.’® The demonstratiog of increased
mucopolysaccharide® is of interest in light of the metachromatically staining
material seen in human cases of Erdheim’s cystic medial necrosis including that
caused by Marfan's syndrome (see below). Although the basic defect in this
acquired syndrome is probably not the same as that in Marfag‘'s syndrome,
studies of this sort should be helpful in elucidating some of the many mysteries
which surround dissecting aneurvsm in particular’ and disorders @f connective
tissue in general.

OTHER CONSIDERATIONS

There is, of course, no definitive treatment for this disorder. Jt should be
noted that healing after surgical operations is normal. Hernjorghaphy, ortho-
pedic procedures, and correction of pectus excavatum can be pq[ormed with
success. (One patient went through a lienorenal shunt procedure for unrelated
hepatic cirrhosis.’®) Correction of pectus excavatum should probably be post-
poned until after puberty since an imperfect result may follow i ghere is still
opportunity for excessive longitudinal growth of the ribs. The eygrent philos-
ophy in regard to ectopia lentis seems to favor performing lens egtraction only
if iritis or glaucoma develops. Hufnagel's plastic valve operatign™ was 'per-
formed in a case of aortic regurgitation on this basis; because of the nature of
this disease and of the operation currently practiced, its practicgbility hel:e is
very questionable. Evidence is presented elsewhere® that the uglnagel oper-
ation produces widening of the pulse pressure (due both to ingpease in the
systolic level and decrease in the diastolic level) proximal to the valve. - This
might well increase the strain on the already weakened ascendfgg aorta and
accelerate the process of dilatation or predispose further to disseetion. In two
recent cases (S.I.., 293069; S.T., 691351) of idiopathic cystic medial necrosis of
the aorta with diffuse dilatation of the ascending aorta and profgund regurgi-
tation, Dr. Henry T. Bahnson plicated the dilated aorta and syerounded the
ascending aorta as far proximally as possible with a splinting slieve of synthetic
fabric. A happy, although surprising, result of the procedure? hag been a pro-
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nounced decrease in the aortic regurgitation as evidenced by dimipution in the
diastolic murmur and manifestations of left ventricular strain gpnd by rise in
diastolic pressure to almost normal levels. These cases are historje from another
standpoint; it is the first time the diagnosis of Erdheim’s cystic medial necrosis
has been established histologically in vitam.

A point of medicolegal importance is the relationship of tragma to thé de-
velopment of various manifestations of the Marfan syndrome. The development
of hernia, detachment of the retina,® 4 dissecting aneurysm,’“vl“"é and total-dis-
location of the lenses may be intimately related to trauma as ap recipitating
factor. '

In connection with the relation of the Marfan syndrome tq other diseases or
special physiologic states, rheumatic fever, syphilis, hypertension, and pregnancy
might be mentioned. The suggestion of Futcher and Southworth® that rheu-
matic fever may occur with increased incidence in these patients has not: been
confirmed by further observations. One patient (B.]., J.H.H. 699403) has had
severe rheumatic fever and now has unequivocal rheumatic valyyjar heart dis-
ease, but, in general, the incidence is unimpressive. Syphilis and hypertension,
if combined with the Marfan disease, might have particulady dire effects on
the aorta. There is no careful autopsy documentation of the assasiation, how-
ever. There is now convincing evidence of a strikingly increased incidence of
dissecting aneurysm of the aorta in pregnancy.!®411% Concejyably, this is
related to the hormone ‘relaxin” and to the general relaxation of figaments and
other joint structures during pregnancy.!*?.69.116.119.126.187

Relation to Erdheim’s Cystic Medial Necrosis'-—Erdheim's digease is prob-
ably not a single entity from the etiologic standpoint. There gre probably a
number of possible ‘‘causes’’—some genetic (like the Marfan sygdrome), some
acquired in nature. With the control of syphilis and rheumatie fever, cystic
medial necrosis will assume increasing importance as a cause of gortic regurgi-
tation. It must be kept in mind particularly when there is no history of syphilis,
rheumatism, and bacterial endocarditis and must not be excluded from consider-
ation on the grounds that there is no radiologic evidence of aorgic dilatation.
Unfortunately, the diagnosis of idiopathic Erdheim’s disease (Esgheim's disease
without the Marfan syndrome) will for the time being need to he a diagnosis
of exclusion. ‘

The experience with Marfan's syndrome should prove very gseful in the
cases of idiopathic Erdheim’s disease. In both, dissecting aneygysm or fusi-
form dilatation* or a combination can occur. In both, the ascepding aorta is
most severely affected. In both, the process seems to pursue an unrelenting
progression to death from rupture of the aorta or from the eﬁ‘ecg,! of aortic re-
gurgitation. :

There is now convincing evidence' that the metabolic turngyer rate in the
elastic skeleton of the aorta is so low as to raise serious suspicigns of complete

*Erdheim’s disease is very familiar as a cause of dissecting aneurysm. That jt qa plso cause diffuse
or fusiform dilatation of the aorta is indicated by the surgically proved cases refesmed to above and by
reports in the literature 3.67.131,185,18,187  7n gome of these, insufficient clinical igfarmation iz provided
to permit exclusion of the Marfan syndrome. e
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metabolic inertia. The elastic structures of the aorta can be logked on as in-
tended to outlive the rest of the organism. In certain unfortunate individuals,
however, the elastica ‘gives out’ prematurely. The result is Eggheim's cystic
medial necrosis. Genetic inferiority is probably most frequengly the basis.
It has been described in brothers,'™ but the clinical information grovided is too
scant to permit exclusion of the Marfan syndrome. Erdheim's medial necrosis
may be the cause of death in the first months of life or not until the pinth decade.
Rupture of the aorta possible on a comparable basis is said to @ecur in horses
and occurs in epidemic fashion in turkeys® where dietary factges may be re-
sponsible. "

The treponemal immobilization test for syphilis has created a efjpical problem
in connection with patients with dilatation of the ascending aqe¢a and<aortic
regurgitation, who often in the past would have been considered ¢g be syphilitic
in spite of negative serologic tests for syphilis of the conventigpal type.. In
coming years, cystic medial necrosis of the aorta, previously ghe exclusive
property of the pathologists, will be discussed much more freqyently in the
clinical literature. ’

I am indebted to a large number of persons for assistance in accumulating the information
presented here. Space does not permit mention of all of them. [ would mentipg specifically Dr.
Howard A. Naquin of the Wilmer Ophthalmological Institute. His contempoggpeous investiga-
tions of ectopia lentis were helpful to the author’s study of systemic aspects, PDr. Russell S.
Fisher permitted me to examine the file of the Medical Examiner's Office of the £ty of Baltimore
for cases of dissecting aneurysm of the aorta in young persons,

REFERENCES

1. Abramson, D., Hurwitt, E., and Lesnick, G.: Relaxin in Human Seruns g8 Test of Preg-
nancy, Surg., Gynec. & Obst. 65:335, 1937. ‘ _
Abramson, D., Roberts, S. M , and Wilson, D. P.. Relaxation of Pelvi¢ Jaints in Preg'pancy,
Surg., Gynec. & Obst. 58:595, 1934, o '

TN

3. Achard, C.: Arachnodactyly, Bull. et mém. Soc. méd. h6p. Paris 19:834, §902.

4. Adams, R. A, and Porter, W. B.: Marfan's Syndrome. Report of a Case, South. M. J.
42:844, 1949, -

5. Anderson, M, and Pratt-Thomas, H. R.: Marfan's Syndrome, Am. Hearg j . 46:911, 1953.

6. Anon: Marfan's Bicgraphy, Am. J. Derm. & Syph. 2:143, 1942, - ’ )

7. Anon: Marfan's Biography, Presse méd. 50:301, 1942,

g. Anon: Marfan's Biography, Union méd. Canada 73:1706, 1944.

9. Apert, E.: Les formes frustes du syndrome dolichosténomélique de Marfan, Nourrisson

26:1, 1938.

i0. Bachhuber, T. E., and Lalich, J. J.: Effect of Sweet Pea Meal on the Bat Aorta, Arch.
Path. 591247, 1955. i

11. Baer, R. W, Taussig, H. B., and Oppenheimer, E, H.: Congenital Apewrysmal Dilatation
of) t2he Aorta Associated With Arachnodactyly. Bull. Johns Hopkins Hosp. 72:309,
1942, i

12. Barron, A. A.: Arachnodactyly (Marfan's Syndrome), North Carolina M, I 32353, 1942,

13. Bauer, J.. Innere Sekretion, [hre Physiologie, Pathologie und Klinik, n and Vienna,
1927, Julius Springer, p. 361. g

14. Bean, W. B,, and Fleming, J. G.: Arachnodactyly; Report of a Case Camplicating Preg-
nancy at Term, Ohio M. J. 36:155, 1940, o .

15. Bean, W. B,, and Mohaupt, F. X.: Rupture of the Aortic Valve. ]J.A,M.A. 150:92" 1952.

16. Bell, J.: Anomalies and Diseases of the Eye, The Treasury of Human Inhegj¢ance. Vol II,
Part V, p. 477, Cambridge, 1932.

17. Benda, C. E.: Developmental Disorders of Mentation and Cerebral Palgles, New York,
1952, Grune & Stratton, p. 159, : . '

18. Berg, 3(6;'1 gnd Vejlens, G.: Cystic Disease of the Lung in Tuberous Sclerosls, Acta paediat.

116, 1939, i :

19. Berg, G., and Zachrisson, C. G.: Cystic Lung of Rare Origin—Tuheroys Sclerosis, Acta

radiol. 22:425, 1941. :



640

20.
2%,

22.
23.

24,
25.

26.
27,

28.
29.

20.
31

32.

33.
34.

-

36.
37.

38.
39.

40.
11,

42,
43.
44.
45.
46.
47.
48.
49.
50.
S1.

52.
53.

54.
55,
56.
37.
58.

59.

. Chron. Dia.
MCKUSICK D{cember, 195§

Bhat_P. K.: Bilateral Ectopia Lentis With Arachnodactyly. Marfau's Syndrome With
Report of Case and Review of Literature, Antiseptic 43:651, 1946.
Blggelr(,)szA The Treatment of Pectus Excavatum or Funnel Chest Am, Surgeon 18:1071,

Binion, J. T.: Marfan’s Syndrome, Am. Pract. & Digest Treat. 5:135, §954.

Black, H. H., and Landay, L. H.: Marfan's Syndreme; Report of lﬁu Cases in One
Famlly Am. J. Dis. hild. 89:414, 1955.

Boerger, F.: Ueber zwei Fiille von Arachnodactyll, Ztschr. Kinderh. 13:164, 1914; Monat
Kinderh. 13:335, 1914,

Bornstein, F. P.: Dwsectmg Aneurysm of the Thoracic Aorta Due to Trauma, Tems)
Med 50: 720 1954.

Bortree, L./W.: Discussion of Strayhorn and Wells.158

Bramwell, C and King, J. T.: The Principles and Practice of Cardiology, London, 1912,
Mllford Oxford University Press, p. 29.

Brayshaw, J. R., and McKusick, V. A.: Unpublished observations.

Bronsen, E., and Sutherland, G A.: Ruptured Aortic Aneurysms in Childhood, Bnt J.
Child. Dis, 15:241, 1918,

Case Records of the Massachusetts General Hospital, New England J. Med, 243:346; 1950.

Clﬂané C. E.: Marfan's Syndrome., Review of Literature and Rem; of One Case,

hinese M. J. 68:433, 1951,

Churchill, D. W, Gelfant S., Lalach, J. J., and Angevine, D. M.; ations in the
Polysacchandes and Elastic Fibers in the Aortas of Rats Fed Tox;c athyrus Factor,
Lab. Invest. 4:1 1955.

Cockayne, E. A.: Arachnodactyly With Congenital Heart Disease (Patent Interven-
tricular Septum) Proc. Roy. Soc. Med. 29:120, 1935,

Dasler, W.: Partial Protection Against Odoratism by Diets High in Gelatin and Cascm
Proc. Soc. Exper. Biol. & Med. 85:485, 1954.

Davies, D. H.: Idiopathic Cystlc Medial Necrosis of Aorta, Brit. Heas¢ J. 3: 166 1941,

Dax, E. C.: Arachnodacty! Ment. Sc. 87:434, 1941,

Duke-Elder, W, S.: Text| k of Ophthalmology, St. Louis, 1949, The C. V. Mosbv Com-
pany, Vol. IV, p. 4265.

Dupuy, H. P., and Lee, J. G.: The Isolation of a Material Capable of Producing Expen-
mental Lath riem, J. Am. Pharm. A. (Scient. Ed.) 43:61, 1954,

Ellis, F. W. B.: Four Cases of Fragilitas Ossium and Blue Scleroucs, Proe, Roy. Soc. Med.
24 (part 2):1054, 1931,

Engelbach, E.; Endocrine Medicine, Springfield, I11., 1932, Charles C as, Publisher.

Erdheim, J.: Medionecrosis acrtae idiopathica cystxm, 'Virchows Arch. path.” Anat.
276:187, 1930.

Etter, L. E., and Glover, L. P.: Arachnodactyly Complicated by D ted Lens and
Death From Dissecting Aneurysm of the Aorta, J.A.M.A. 123 :88, 1943.

Euziére, J., and others: Scapulohumeral Myopathy (Erb) and Dolu;hqmnomeha Case,
Arch. franc. pediat. 6:651, 1951,

Evans, P.A: A Heredntarg Tendency to Hernia, Lancet 21293, 1942,

Evans, W.: The Heart in Sternal Depression, Brlt Heart J. 8:162 1945§-

Fahey J J.: Muscular and Skeletal Changes in Arachnodactyly, Surg 39 1741,

Falrbank T Atlas of General Affections of the Skeleton, Baltimare, {951 Wllltam= &
Wilkins Co p.

Faivre, G., Fenkxel Pernot and Hueber: Le coeur des dépressions sterngles congehitales,
Arch. mal. coeur. 47 1322, 1954.

Ficchl, A. A., and Ruthberg, J.: Clinical Implications of Marfan’s Sygdrome, J.A.M.A,
1461704, 1951. ‘

Flesch, M.: Ueber eine Seltene Misschildung des Thorax, Virchows Agch. path, Anat,
57:289, 1873.

Franceschettl A.: Ectopia lentis et pupillae congenita als rezessives Esbdeidez und ihre
Mamfestxerung durch Konsanguinitiit, Klin. Monatshl. Augenh, 78;351, 1927.

Frei, C.: Ueber das Aneurysma dissecans aortae, [naug. Dissert., Zurich, 1921, J. J. Meier.

Futcher P. H.,, and Southworth, H.: Arachnodactyly and Tts Med,g]j Comphcatmns
Arch. Int. Med. 61 1693, 1938.

Ganther, R.: Ein Beitrag zur Arachnodaktylie, Ztschr. Kinderh. 43:724, §927.

Garland, H. G.: Heredltary Scolicsis, Brit. M. J. 1:328, 1924,

Gilston, R J.: Marfan's Syndrome, M. Ann. District of Columbia 44427, 1955. .

Gore, I: Dissecting Aneurysm of the Aorta in Persons Under Forty Yeass of Age, Arch.
Path. 55:1, 1953.

Gore, 915 The Pathogenesis of Dissecting Aneurysm of the Aorta,; Agch, Path, 53:142,
1952.

Gore, 1. and Seiwert, S. J.: Dissecting Aneurysm of the Acrta: Pathologxcal Aspect-
an Analysis of E:ghty-F:ve Fatal Cases, Arch. Path. 53:121, 195;



Yolume 2

Number 6 HERITABLE DISORDERS OF CONNECTIVE TISSUE., §{J 641
60. Gouley, B. A, and Anderson, E.: Chronic Dissecting Aneurysm of Aorta Simulating
Svphilitic Cardiovascular Disease; Notes on Associated Aortic Myemurs, Ann. Int.
Med. 124:978, 1940,
61. Goyette, E. M., and Palmer, P. W : Cardiovascular Lesions in Arachagdactyly, Circula-
tion 71373, 1953.
62. Gray, H.: Arachnodactyly, Arch. Int. Med. 75:215, 1945.
63. Green, H., and Emerson, P. W.: Arachnodactylia, Arch, P=diat. 605229, 1943,
64. Hamman, L., and Apperly, F. S.: Spontaneous Rupture of the Aorta With Aortic In-
sufficiency, Internat. Clin., Series 43, 41251, 1933. o
65. Hamwi, G. J.: Marfan’s Syndrome (Arachnodactyly), Am. J. Med. 114264, 1951.
66. Haridas, G.: Arachnodactylia in a Chinese Infant, Arch. Dis. Child. 165257, 1941. -
67. Harrison, F. F.: Coarctation of the Aorta of the Adult Type, Associgted With Cystic
Degeneration of the Media of the First Portion of the Arch, Arch, Pgth, 27:742,.1939.
68. Harrison, J., and Klainer, M. J.: Arachnodactyly; Its Occurrence in §everal Members
cf One Family, New England J. Med. 220:621, 1939. '
69. Hartman, C. G., and Straus, W. L.: Reiation of Pelvic Ligaments in Pragnant Monkeys,
Am. J. Obst, & Gynec. 37:498, 1939, i
70. Hersh, A, H., DeMarinis, F., and Stecher, R. M : On the Incidence and Pevelopment ot
Clinodactyly, Am J. Human Genetics 5:257, 1953. ' )
71. Hofmann, W. P., and Carey, E. T.. Congenital Myopic Astigmatism ig Jdentical Twins,
Am. J. Ophth. 25:1495, 1942, i
72. Hud-sogx’l5 J. R.: Marfan’s Syndrome With Retinal Detachment, Brit, i Ophth. 35:244,
1951.
73. Hufna?el, C. A., Harvey, W. P,, Rahil, P. ], and McDermott, T. F.: Surgical Corréction
of Aortic Insufficiency, Surgery 35:673, 1954. o
74, I.A.A.: Bernard Jean Antoine Marfan, M.D., Am. J. Dis. Child. 64:38¢, 1942.
75. Jequier, M.: Observations sur le syndrome de Marfan, Helvet. med, acep, 10:233,. 1943,
76. Kahrs, T.: Three Cases of Arachnodactylia, Acta med. scandinav. 1215240, 1945. .
77. Kaplan, B. M., Schlichter, J. G., Graham, G., and Miller, G.. Idiopathic Congenital
Dilatation of the Pulmonary Artery, J. Lab. & Clin. Med. 41:697, §953.
78. Katz, Hb‘I{.:lg:sl‘zhoracic Manifestations in Marfan’s Syndrome, Quart, ByM, Sea View-Hosp.
13:95, . ’
79. Kountz, W. B., and Hempelmann, L. H.; Chromatrophic Degeneratiag and Rupture of
tl;i ({\orta Following Thyroidectomy in Cases of Hypertension, Am, Heart J. 20:599,
1940.
80. Kvorak-Theobald, G.: Histologic Study of an Eye From a Child With Arachnodactyly,
Arch. Ophth. 24:1046, 1940. o
81. Lacroix, P.: The Oganization of Bone, Translated by Stewart Gilder, Phifadelphia, 1951,
The Blakiston Co. '
82. Langeron, T., Girard, P., Liefooghe. J., and Masson, C.: Maladie de Marfan et anéurysme
abdominal, Bull. Soc. méd. h6p. Paris 70:374, 1954. -
83. Lester, C. W.: The Surgical Treatment of Funnel Chest, Ann. Surg, 18834003, 1945.
84. Levine, E., Stein, M., Gordon, G., and Mitchell, N.: Chronic Dissecting Aneurysm of
the Aorta Resembling Chronic Rheumatic Heart Disease, New Epgland J. Med.
244:902, 1951, T :
85. Lindeboom, G. A., and Bauwer, W. F.: Arachnodactylia Complicated by Dissecting
Aneurysm and Renal Cortical Necrosis, Cardiologia 15:12, 1949,
86. Lindeboom, G. A., and Westerveld-Brandon E. R.: Dilatation of the Aorta in Arach-
nodactyly, Guy's Hosp. Gaz. 99:178, 1950,
87. Lloyd, R. I.: Arachnodactyly, Arch. Ophth, 13:744, 1935,
88. Lloyd, R. I.: A Second Group of Cases of Arachnodactyly, Arch. Qphgh. 17:69, 1937.
89. Lloyd, R. I.: Clinical Ccurse of the Ocular Complications of Marfan'ys $yndrome, Arch.
Ophth. 40:558, 1948. R 5
90. Lowe, R. C.: Polycythemia Vera (Erythremia), Arachnodactyly With Conyenital Defect
of Vertebral Column, and Familial Muscular Dystropby in Negroes; éase Reports,
Tri-State M. J. 13:2679, 1941. ‘
91. Lutmas, F. C,, and Neel, J. V.: Inheritance of Arachnodactyly, Ectopis Jepntis and.Other
i:gtir})genital Anomalies (Marfan’s Syndrome) in the E. Family, Arch, Ophth. 41:276,
92. M('Kingsc.‘sk, V. A.: The Cardiovascular Aspects of Marfan’s Syndrome, Cipeulation 11:321,
93. McK}IIs;%lg’. X}.Sé\.: Primordial Dwarfism and Ectopia Lentis, Am, J, fuman Genetics
94. McKausick, V. A.: Unpublished cbservations. »
95. McKusick, V. A., Hahn, D. P., Brayshaw, J. R., and Humpbhries, J. O’N,; Some Hemo-
dynamic Effects of the Hufnagel Operation for Aortic Regurgitation. Studies in
Models and a Patient, Bull. Johns Hopkins Hosp. 951322, 1954;
96. McKusick, V. A,, Murray, G. E., Peeler R. G., and Webb, G. N, Musical Murmurs.

Bull. Tohns Hopkins Hosp. 97:136, 1955.



642

97.
98.
99.
100.
101.
102.
103,
104.
105.

106.
107.

108.
109.

119.
120.
121.

122.

123.
124,

125.°

126

127.

128.
129.

130.

131,

132.
133.

. Chron. Dis.
MCKUSICK D{cember, 1955

McSherry, B. J., Ferguson, A. E., and Ballantyne, J.: Dissecting Apeyryem in Turkeys,
J. Am. Vet. M. A. 124:279, 1954,

Maier, C., Rubli, J. M., Schaub, F., and Hedinger, C.: Cardiac Disogders in Marfan’s
Syndrome, Cardiologia 24:106, 1954,

Mamou, H., and Hérault, P.: Marfan's Syndrome and Scheuermann’s Disease: Case,
Semaine Hép. Paris 27:3071, 1951,

Marchez:;ni, O.: Jubilee Volume for Prof. Vogt, Part 11, p. 32, Basle, 1939, B. Schwabe,

p. 32. _
Marfan, A. B.: Un cas de déformation congénitale des quatre membreg plus prononcée
aux extrémités charactérisée par l'allongement des os avec yn gertain degré d'
amincissement, Bull. et mém. Soc. med. hép. Paris 135220, 1896. ' :
Martin, R.: Lehrbuch der Anthropologie, Lena, 1928, Gustav Fischer,
Marvel, R. J., and Genovese, P. D.: Cardiovascular Disease in Masfpn's Syndrome,
Am. Heart J. 42:814, 1951. o
Master, A. M., and Stone, J.: The Heart in Funnel-Shaped and Flat Chests, Am. J. M.
Sc. 217:392, 1949. ’
Méry, H., and Babonneix, L.: Un cas de déformation congénitale deg gutre membres:
hyperchondroplasia. Bull. et mém. Soc. méd. hép. Paris 19:671, mgf,u .
Moses, M. F.: Aortic Aneurysm Associated With Arachnodactyly, Brit, ¥, J. 2:81,°1951.
Nodes, J. D. S., and Henes, F.: Total Rupture of an Aneurysm of the Splenic Artery
Immediately After Labor, Tr. Obst. Soc. Lond. 42:305, 1900. "
Olcott, C. T.: Arachnodactyly (Marfan’s Syndrome) With Severe Anegals, Am. J, Dis.
Child. 60:660, 1940, i L
Ollier, L. X. E. L.: Traijté expérimental et clinique de la régénération deg gs et production
artificielle du tissu osseux, Paris, 1867, Masson & Cie. i

Ormond, A. W.: The Etiology of Arachnodactyly, Guy's Hosp. Rep, 88:8, 1930.

Oswold, N., and Parkinson, T.: Honeycomb Lungs, Quart. J. Med. 18s1, $949.

Parker, A. S., Jr., and Hare, H. F.: Arachnodactylé, Radiology 45:220, 1945. )

Pasachoff, H. D., Madonick, M. J., and Drayer, C.: Arachnodactyly jg Four Siblings
With Pneumoencephalographic Observations of Two, Am. J. Dis, Child, 67:201, 1944,

Peiper, A.: Ueber die Erblichkeit der Trichterbrust, Klin. Wchnschy, fg§647, 1922.

Perl, E., and Catchpole, H. R.: Changes Induced in the Connective Tigge of the Pubic
Symphisis of the Guinea Pig With Estrogen and Relaxin. Arch, Pagl. 50:233, 1950.

Pierce, R. E.: Traumatic Dissecting Aneurysms of the Thoracic Aartg, U. S. Armed
Forces M. J. 5:1588, 1954,

Pino, R. H., Cooper, E. L., and Van Wien, S.: Arachnodactyly and Stgtys Dysraphicus;
a Review. Ann. Int. Med. 10:1130, 1937. o

Piper, R. K., and Irvine-Jones, E.: Arachnodactyly and Its Association With Congenital
I-Ie:u;;2 Dlidse%se; Report of a Case and Review of the Literature, Am, J. Dis. Child.
31:832, 1926. :

Pommerenke, W. T.: Experimental Ligamentous Relaxation in Guinea Pk Pelvis. Am. J.
Obst. & Gynec. 27:708, 1934, : L

Ponseti, I. V., and Baird, W. A.: Scoliosis and Dissecting Aneurysm of ghe Aorta in Rats
Fed With Lathyrus Odoratus Seeds, Am. J. Path. 28:1059, 1952, '

Ponseti, I. V., and Shepard, R. S.:. Lesions of the Skeleton and of Qefter Mesodermal
Tissues isn Rats Fed Sweet-Pea Lathyrus Odoratus Seeds, J. Bone ’dnt Surg. 36-A :
1031, 1954, '

Poynton, F. J., and Maurice, W. B.: Arachnodactyly: Report of a3 Cagge Complicating
Pregnancy at Term, Ohic M. J. 36:155, 1940,

Rados, A.: Marfan's Syndrome, Arch. Ophth. 27:477, 1942,

Rambar, A. C., and Denenholg, E. J.: Arachnodactylg. J. Pediat. 13:844, 1939,

Ravitch, M.: Pectus Excavatum and Heart Failure, Surgery 30:178, 195§, .

Reis, R. A,, Baer, J. L., Arens, R. A, and Stewart, E.: Traumatic Separation of. Sym-
ghysis Pubis During Spontaneous Labor With Clinical and X-ray #udy of Normal

yraphysis Pubis During Pregnancy and Puerperium, Surg., Gynee, & Obst. 55:336,

1932. T .

Resnick, W. H., and Keefer, C. S.: Dissecting Aneurysm With Signs of Agntic Insuffidiency,
J.A.M.A. 85:422, 1925. o '

Reynolds, G.: The Heart in Arachnodactyly, Guy's Hosp. Rep. 99:178, §950.

Reynolds, S. R. M., Light, F. W., Sr. Ardan G. M., and Prichard, M. M, L.: Qualitative
Nature of Pulsatile Flow in Umbilical Blpod Vessels With Cbservgtjons on Flow in
the Aotra, Bull. Johns Hopkins Hosp. 91:83, 1952, .

Ross, L. J.: Arachnodactyly; Review of Recent Literature and Report of Case With Cleft
Palate, Am. J. Dis. Child. 78:417, 1949, T .

Rottinn, A.: Medial Degeneration in a Non-ruptured Aorta Appear{ ﬁyphilitic Macro-
scopically, Arch. Path. 27:320, 1939. P

Rubin, E. H.: Diseases of the Chest, Philadelphia, 1947, W. B. Saundars Co.

Rutherford, W. J.: Hereditary Scolicsis, Brit. M. J. 2:87, 1934. T




Volume 2

Number 6 HERITABLE DISORDERS OF CONNECTIVE TISSUE, J§J 643

134, Rywlin, A.: Medionecrosis idiopathica cystica unter dem Biled des diffuseg Aortenaneurys-
mas. Beziehungen zur Marfanschen Syndrom, Frankfurt. Ztschr, Pgth. 63:187, 1952.

135. Sainsbury, H. S. K.: Congenital Funnel Chest, Lancet 2:615, 1947, '

136. Salle, V.: Ueber einen Fall von angeborener abnormen Grosse der Extremjtaten mit einen
an Akronemegalia erinnerden Symptomenkomplex, Jahrb. f. Kinderh, 75:540, 1912.

137. Sautter, H.: Aplasia of the Dilator Pupillae in Marfan’s SymptomLomplex, Klin.
Monatsbl. Augenh. 114:449, 1949, ’ .

138. Schilling, E. D., and Strong, F. M.: Isolation, Structure and Syuthesig of a Lathyrus
Factor From L. Odoratus, J. Am. Chem. Soc. 76:2848, 1954. ’ .

139. Schilling, V.: Striae distensae als hypophysiires Symptom bei basophilegs Yorderlappena-
denom (Cushingschem Syndrom) und bei Arachnodaktylie (Marfggschem Sympto-
menkomplex) mit Hypophysentumor, Med. Welt. 10:183, 1936. o

140. Schneider, W. F.: Arachnodactyly; Unusual Complication Following $kull Injury, J.
Pediat. 27:583, 1945,

141, Schnitker, M. A., and Bayer, C. A.: Dissecting Anecurysm of the Aortg jn Young Indi-
viduals, Particularly in Association With Pregnancy, With Report of Case, Ann. Int.
Med. 20:486, 1944.

142. Scharr, S., Braun, K., and Wildman, I!l Congenital Aneurysmal Dilatatigg of the Ascend-
ing AortagAssociated With Arachnodactylia: Angiocardiographic Stydy, Am. Heart J.
423610, 1951, T

143. Sheehan, H. L.: The Pathology of Obstetric Shock, J. Obst. & Gynaee,, Beit. Emp. 16:218,
1939, .

144. Sheldon, W. H.: Atlas of Men. A Guide for Somatotyping the Aduft Male at All Ages,
New York, 1954, Harper Bros,, p. 338. .

145. Slack, H. G. B.: Metabolism of Elastin in the Adult Rat, Nature 1745542, 1955.

146. Sloper, ]J. C., and Storey, G.. Aneurysms of the Ascending Aorta Due to Medial Degenera-
tion Associated With Arachnodactyly (Marfan's Disease), J. Clin. Pagh. 6:299, 1953.

147. Snyder, L. H., and Curtis, G. M.: An Inherited “Hollow Chest,” Kailgsternia, a New
Character Dependent Upon a Dominant Autoscrual Gene, ). Hered, 25:445, 1934,

148. Sosman, M. C.: Xanthomatosis, J.A.M.A. 98:110, 1932,

149. Starke, H.: Pathogenesis of Marfan’s Syndrome, Von Grife's Arch. Ophth, 151:384, 1951.

150. Stephens. F. E.: OFnheritance of Diseases Primary in the Muscles, Am, J. Med. 15:558,
1953.

151. Stephensorg Vg sV.: Anterior Megalophthalmos and Arachnodactyly, Am. J. Ophth.
28:315, 1915. ‘

152. Stettner, E.© Wachstum und Wachstumsstorungen, Monatschr. Kinderh, 80:387, 1937.

153. Stoddard, S. E.: The Inheritance of “Hollow Chest.” Cobbler's Chest Dye to Heredity—
Not an Occupational Deformity, J. Hered. 30:139, 1939. :

154. Stratz, C. H.: Der Korper des Kindes, Stuttgart, 1902, Ferdinand Enke,

155. Straub, H.: Elastic Fibers in Ligaments of Foot, Acta anat. 11:268, 1980,

156. Strayhorn, D., and Wells, E. B.: Arachnodactylia With Aneurysmal [Jifatation of the
Aorta, Tr. Am. Clin. & Climatol. A. 59:208, 1947,

157. Sutto& C‘g E. I:‘I Cardiac Anomalies Associated With Funnel Chest, Byjstol M. Clin. J.

145, 1947,

158. Sweet, R. H.: Pectus Excavatum. Report of Two Cases Successfylly Qperated Upon,
Ann. Surg. 119:922, 1944,

159. Thomas, J., Brothers, G. B., Anderson, R. S., and Cuff, J. R.: Marfan's Syndrome. A
Report of Three Cases With Aneurysm of the Aorta, Am. J. Med. }§613 1952.

160. Thursfield, H.: Arachnodactyly, St. Bartholomew's Hosp. Rep. 53:35, 1917-18. :

161. Tobin, J. R., Jr., Bay, E. B., and Humphries, E. M.: Marfan's Syndrome in the Adult.
Disst;(éting %neurysm of the Aorta Associated With Arachnodactyly,”Arch. Int. Med.
80:475, 1947, :

162. Traisman, H. S., and Johnson, F. R.: Arachnodactyly Associated With Aneurysm of the
Aorta, Am. J. Dis. Child. 87:156, 1954. :

163. Traub, E.: Epiphyseal Necrosis in Pituitary Gigantism, Arch. Dis. Chijd, 14:203, 1939.

164. Troxler, E. R., and Niemetz, D.: Generalized Xanthomatosis With Pylmonary, Skeletal
and Cerebral Manifestations: Report of a Case, Ann. Int. Med. 28883, 1946, *

165. Trib, C. L. P.: Disease of Aortic Wal! (Idiopathic Medionecrosis), Ruypture of Aorta
and Industrial Accident, Monatsschr. Unfallh. 54:321, 1951, -

166. Tung, H. L., and Liebow, A. A.: Marfan's Syndrome. Observations a¢ Necropsy With
Special Reference to Medio-necrosis of the Great Vessels, Lab. Invest. 1:382, 1952.

167. Ushet1',92C4. H.: A Pedigree of Congenital Dislocation of the Lenses, Bigmetrika. 16:273,

168. Uyeyama, H., Kondo, B., and Kamins, M.. Arachnodactylia and Cagdiovgscular Disease,
Am. Heart J. 34:580 1947. ' )

169. Vejdonsky, V.. Marfan's Syndrome, Lék. Listy. 1:539 1946.

170. Viva-Salas, E., and Sanson, R. E.: Sindrome de Marfan, sin cardiopatia congenita y con

v;-tgldgcarditis lenta conformada por la autopsia, Arch. Inst. cardjgl, México 18:217,
48, .



644

171.
172.

173.
174.
175.
176.
177,
178.
179.
180.
181.
182.

183.
184.

185.
186.
187.
188.

MCKUSICK DZ{: CC’;%'::. llgisas.

v. Meyenburg, H.: Ueber spontane Aortenruptur bei 2wei Brudern, Schweiz. Med.
chnschr, 20:976, 1939.
Wawzonek S.. Ponsetl,l V., Shepard, R. S., and Wiedenmann, L. G.: Epiphysea! Plate
Lesions, efeneratlve Arthritis and Dlssectmg Aneurysm of the Aona Produced by
Amino-nitriles, Science 121:63, 1955.
Weber, F. P.: Familial Asthenia (“Paralytic”) Type of Thorax With Czn enital Ectopia
of Lenses, a Condition Allied to Arachnodactyly Lancet 2:1472 §
Webster, B., Rich, C., Densen, P. M., Moore, J. E., Nicdl, C. S,, and t, P.: Studies
in Cardiovascular S philis. I1I. The Natural Hlstory of Syphi} Aortlc Insuf-
ficiency, Am. Heart J. 46:117, 1953,
Weill, G.: Ectopie du cristallin et malformations générales, Ann. ¢’ 169:21, 1932.
We5t1&395 Two Pedigrees Showing Inherited Predisposition to Hernia, §. Hered 27 1449,
Weve, H.: Ueber Arachnodaktylie (Dystrophia mesodermalis congenjta, fypus Marfams)
Arch. Augenh. 104:1, 1931,
Weyers, H.: Arachnodactyha and Its Relation to Other Mesodermg) Constitutional
‘i\gri%mahes Etiology of Congenital Mesodermal Dysplasias, Ztschr, £jnderh. 67:308,
White, P. D.: Personal communication. .
Whitfield, A. G. W., Arnott, W. M., and Stafford, J. S.: ‘“Myocarditis’ gpd Aortic Hypo-
plasia in Arachnodactylia, Lancet 1:1387, 1951.
Wilkins, L.: The Diagnosis and Treatment of Endocrine Disorders iy ﬁhlldhood and
Adolescence, Springfield, 1ll., 1950, Charles C Thomas, Publisher,
Wllkl{lgson K. D.: Aneurysmal Dilatation of the Pulmonary Artery, Brig, Heart J. 2:255,
40
Williams, E.: Rare Cases, With Practical Remarks, Tr. Am. Ophth. Soc. $5291, 1873-1879.
Wolff, K.: Ueber die Ursachen der sogenannten spontaneu Aortenzerreispupgen, Virthows
Arch. 289:1, 1933.
Wolff, K.: Unbekanate Erkrankung der Siuglingsaorta mit Schmung des elastischen
Gewebes, Virchows Arch. 285:369, 1932.
Yetta, M., and Laski, S. L.: Aneurysmal Dilatation of the Aorta Associgted With Cystlc
Medial Necrosis, Am. Heart J, 33:516, 1947,
Youn 6 Relaxation of Pelvic Joints in Pregnancy Pelvic Arthropathy of Preguancy,
f bst. & Gynaec., Brit. Emp. 47:493, 1940,
Young, M. L.: Arachnodactyly, Acch. Dis. Child. 4:190, 1929,



